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Small nucleolar RNAs direct the location of certain
methylations in ribosomal RNA by direct base pairing;
although evolutionarily conserved, the physiological
significance of these modifications remains unclear.
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All cells translate proteins from RNA templates by means
of ribosomes. The RNA component (rRNA) of this ubiq-
uitous ribonucleoprotein particle is highly conserved
throughout evolution. Although variation in sequence
makes each organism’s rRNA distinct, rRNA has a univer-
sally conserved core structure that is presumably impor-
tant for translation. Ribosomal RNA is modified after
transcription, and many of the sites of modification are
also evolutionarily conserved, including the methylation
of some sugars at the 2′ position. Kiss-Laszlo et al. [1] have
now presented evidence that many members of a large
class of small nucleolar RNAs (snoRNAs) appear to
specify the position of these methylations. These new
findings shed light on both the role of snoRNAs and the
mechanism by which 2′-O-methylations are specified.
All eukaryotic cells have a large number of small nuclear
RNAs (snRNAs). The most abundant of these are the
nucleoplasmic snRNAs — U1, U2, U4, U5 and U6 —
which are involved in the removal of the major class of
‘GT–AG’ introns from precursors of mRNAs [2]. A sub-
class of the snRNAs, the snoRNAs, are found in the nucle-
olus. By virtue of their nucleolar-specific localization, the
snoRNAs have been presumed to function in ribosome
biogenesis, perhaps by facilitating the processing, modifi-
cation or assembly of the ribosomal subunits. In some
cases this presumption has been confirmed. For example,
one of the most abundant snoRNAs, U3, which has been
identified in diverse organisms, including mammals,
plants, yeast and the Archea, is essential for accumulation
of mature 18S rRNA (reviewed in [3]). 
Studies in yeast have demonstrated that the function of
U3 requires specific base-pairing interactions with the
single precursor molecule (pre-RNA) that gives rise to the
major RNA components of the small and large ribosome
subunits (18S and 28S rRNA, respectively). A short, evolu-
tionarily conserved U3 snoRNA–pre-rRNA helix is essen-
tial for the accumulation of mature 18S rRNA [4].
Similarly, U14, another evolutionarily-conserved snoRNA
with the potential to base pair to rRNA, is also essential for
accumulation of mature 18S RNA [5]. Other snoRNAs,
which appear at this point to have a more restricted phylo-
genetic distribution, have also been shown to be essential
for the processing of pre-rRNA in vertebrates. These
include U22, needed for 18S processing [6], and U8, which
is essential for accumulation of both 28S rRNA and 5.8S
rRNA [7]. Many snoRNAs share sequence motifs, known
as boxes C and D, that are necessary for association with
fibrillarin, an abundant and highly conserved nucleolar
protein, which itself is necessary for ribosome biogenesis
(reviewed in [3]).
Before 1990, only a handful of snoRNAs were known, and
their role, if any, in ribosome biogenesis was not under-
stood. Very recently, there has been an explosion in the
number of identified snoRNAs, and many have been
shown to be made in an unusual way (reviewed in [3]).
U3, U8 and a very small number of other snoRNAs are
transcribed independently by RNA polymerase II, much
like the spliceosomal snRNAs U1 and U2 (reviewed in
[3]). Most snoRNAs, however, are encoded within, and
processed from, the introns of mRNAs, most frequently
those of highly expressed housekeeping genes, including
those for some nucleolar and ribosomal proteins (reviewed
in [3,8,9]). The production of these snoRNAs is depen-
dent upon transcription and splicing of the gene in which
the snoRNA is embedded; the debranched intron is a sub-
strate for exonuclease activity that yields the mature
snoRNA. Boxes C and D, together with fibrillarin and
perhaps other proteins, form part of the processing signal
necessary for maturation of the snoRNAs. In contrast to
U3 and the spliceosomal snRNAs, which carry a specially
modified trimethyl guanosine cap at their 5′ termini, these
intron-encoded snoRNAs carry 5′ phosphate termini as a
hallmark of their unique means of biogenesis.
Although many intron-encoded snoRNAs have been iden-
tified in yeast and in vertebrates, it has been quite diffi-
cult to identify a function for most of these snoRNAs.
Depletion of the endogenous pool of snoRNAs in Xenopus
oocytes by RNaseH-mediated degradation demonstrated
that many of them are not essential for pre-rRNA process-
ing in vivo. Similarly, genetic depletion of snoRNAs in
yeast indicated that most snoRNAs are not essential for
viability. However, the number, prevalence, localization
and conservation of many intron-encoded snoRNAs
implied that they do have an important role within the
nucleolus. One clue did not go unnoticed: most of the
snoRNAs have long regions (12–21 nucleotides) of perfect
or near-perfect complementarity to rRNA, and most of the
longer complementarities are conserved among eukary-
otes (reviewed in [3,9]). This led many to favor the theory
that the intron-encoded snoRNAs play a chaperone-like
role, assisting in the folding of the pre-rRNA to facilitate
cleavage or proper association with ribosomal proteins [9].
Although this idea was very attractive and amounted to a
consensus view, these snoRNAs were, with very few
exceptions, not essential for pre-rRNA processing. It
appeared that some pieces of the puzzle were still missing.
Very recently, an unexpected role for most of the fibril-
larin-associated snoRNAs with complementarity to pre-
rRNA has been discovered. First, Kiss-Laszlo et al. [1]
exploited the novel termini of intron-associated snoRNAs
to obtain polymerase chain reaction (PCR) clones of 21
novel snoRNAs, all of which contain sequences comple-
mentary to rRNA. They then noticed that most of the
regions of complementarity between rRNA and snoRNAs
include a 2′-O-methylated nucleotide in the rRNA, and
that  this modified nucleotide is located at a fixed distance
from the conserved D box element of the snoRNA (Fig.
1). Occasionally, there is a second D-box-like sequence in
the snoRNA, usually 5′ of the authentic D box. This
second sequence, referred to as a D′ box, often contains
nucleotide substitutions relative to the D-box consensus
sequence (reviewed in [3,9]) and is adjacent to a second
region of rRNA complementarity, also to an rRNA region
containing a 2′-O-methylated nucleotide.
Working in yeast with snoRNA U24, which contains two
regions of complementarity with 28S rRNA, Kiss-Laszlo et
al. [1] genetically depleted endogenous U24 snoRNA by
removing the U24 coding region along with the first intron
of its host gene. These yeast cells grew normally and
processed pre-rRNA correctly, showing that U24 RNA
was not essential for either cell viability or correct rRNA
processing. Examination of the rRNA methylation
patterns in the U24-depleted cells, however, showed that
methylation was specifically abolished at the U24-associ-
ated sites; methylation at other rRNA sites was not
affected. This site-specific ribose methylation could be
restored by introducing into the genetically depleted cells
a plasmid containing the U24 snoRNA gene within the
intron of an actin host gene. This showed that U24 itself,
and not its host gene or genomic location, is responsible
for the methylation.
Having confirmed that U24 has a role in ribose methyla-
tion, Kiss-Laszlo et al. [1] then asked if the position of the
D box relative to the rRNA-complementary region indeed
specifies the nucleotide in rRNA to be methylated. They
shifted the position of the D box by one nucleotide, gen-
erating U24m (Fig. 1). This shift did not alter the poten-
tial to base-pair with rRNA, but changed the distance
between the D box and the complementary region. If the
modified nucleotide was actually selected relative to the
position of the D box, U24m would be expected to specify
the modification of a different nucleotide in rRNA. U24m
was placed into the same actin host gene cassette, this was
introduced into yeast cells, and the rRNA was examined
for methylation in that region. The position of modifica-
tion was indeed shifted one nucleotide — from C1436 to
U1437 — maintaining the same spatial arrangement rela-
tive to the D box (Fig. 1). This finding confirmed the role
of the D box of U24 in determining which nucleotide in
rRNA is modified.
The work of Kiss-Laszlo et al. [1] suggests that many of
the non-essential, fibrillarin-associated, intron-encoded
snoRNAs are involved in site-specific ribose methylation
of pre-rRNA. It remains to be seen whether these
snoRNAs are acting solely as guide RNAs directing the
methyltransferase activity, or if they actually contribute
catalytic activity themselves. Little is known about the
methyltransferase activity itself. In yeast, certain ther-
mosensitive mutations in NOP1, which encodes the yeast
fibrillarin homologue, affect methylation patterns in yeast
pre-rRNA [10]. This could be an indirect effect, however,
as the fibrillarin mutation might destabilize some
snoRNAs, leading to a deficiency of the guide or catalytic
portion of the snoRNA, or it might affect the association of
one or more additional proteins with the snoRNP. Also,
there is still nothing known about the timing of the methy-
lation event relative to the cleavage of pre-rRNA. Finally,
now that we suspect the newly discovered army of
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Figure 1
The D box in snoRNAs specifies the site of methylation in rRNA.
snoRNAs contain two conserved elements, the C box and the D box;
some snoRNAs also have a second D-box-like element, the D′ box. Just
upstream of the D (or D′) box is a region of perfect or near perfect
complementarity to rRNA (in this case 14 nucleotides). The positioning
of the rRNA 2′-O-methylation is dictated by the D (or D′) box; the
nucleotide in rRNA that base pairs to a position five nucleotides 5′ of the
D box is modified. Kiss-Laszlo et al. [1] showed that shifting the position
of the D box in U24 snoRNA by one nucleotide, generating U24m,
resulted in a corresponding shift of 2′-O-methylation in the 25S rRNA.
snoRNAs
C box D′ box D box
pN4–5 RUGAUGA    N10–17 CUGA      N10–21 CUGA N2–5
U24  5′        UAUCACCAAGAUCU CUGA        3′
U24m 5′        UAUCACCAAGAUU CUGA        3′




25S  3′        AUGGUGGUUCUAGA             5′
70 80
1440 m
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snoRNAs specify the position of ribose methylations, there
is a new urgency to the still unanswered question of what
role these methylations serve in the biogenesis, stability or
function of ribosomes.
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